
US006285323B1 

(12> Ulllted States Patent (16) Patent N6.= US 6,285,323 B1 
Frank (45) Date of Patent: *Sep. 4, 2001 

(54) FLAT PLATE ANTENNA ARRAYS 4,959,658 9/1990 Collins . 
5,061,939 10/1991 Nakase . 

(75) Inventor: Zvi Henry Frank, Elkana (IL) 5,086,304 2/1992 Collins - 
5,125,109 6/1992 Geller et al. . 

(73) Assignee: MTI Technology & Engineering 571827570 1/1993 NYFCH et al- - 
Ltd‘, Rosh Hazayin Park Anumura Ct 8.1. . 

5,245,349 9/1993 Nakase. 
5,291,210 3/1994 Nakase. 

( ) Notice. Sub]ect to any disclaimer, the term of this 574027134 3/1995 Miller et a1‘ ' 
patent is extended or adjusted under 35 5 408 243 4/1995 D,Hont_ 
U-S-C- 154(b) by 0 days 5,418,545 5/1995 Pantsios 61 al. . 

5,467,094 11/1995 Mott 6t 8.1.. 
This patent is subject to a terminal dis- 5,475,394 12/1995 Milroy . 
claimer. 5,483,248 1/1996 Milroy. 

5,512,913 4/1996 Staney. 

(21) Appl. No.: 09/174,217 

(22) Filed: Oct. 16, 1998 
(List continued on next page.) 

FOREIGN PATENT DOCUMENTS 

Related US. Application Data 0 342 175 B1 11/1989 (EP) , 

(63) Continuation-in-part of application No. 09/004,576, ?led on OTHER PUBLICATIONS 
Jan. 8, 1998, now Pat. No. 6,023,243. 

La?eur P. et al., “A 20 GHZ Active Integrated Multilayer 
Microstrip Patch Array for Portable Communication Termi 

Oct. 14, 1997 (IL) .................................................... .. 121978 na1s”,IEEEAntonnas and Propagation Society International 
Symposium, US, Jul. 1997, pp. 1260—1263. 

(30) Foreign Application Priority Data 

(51) Int. Cl? ..................................................... .. H01Q 1/38 P_ E _ Th Ph 
_ _ rlmary xammer— 0 an 

(52) US. Cl. ................................. .. 343/700 MS, 3345559553, (74) Attorney) Agent) or Firm arby & Darby 

(58) Field Of Search ........................... .. 343/700 MS, 846, (57) ABSTRACT 
343/829, 814, 815, 810, 853, 795, 812, _ _ _ _ 

816, 820, 821, 753, 909; H01R 1/38 The invention comprises a ?at panel antenna for microwave 
transmission. The antenna comprises at least one printed 

(56) References Cited circuit board, and has active elements including radiating 
elements and transmission lines. There is at least one ground 

U'S' PATENT DOCUMENTS plane for the radiating elements and at least one surface 

3,681,769 8/1972 Perrotti et al. ..................... .. 343/814 serving as a ground Plane for the transmission lines The 
4,099,181 7/1978 Scillieri et a1, _ panel is arranged such that the spacing betWeen the radiating 
4,121,220 10/1978 Scillieri et al. . elements and their respective groundplane is independent of 
4,150,383 4/1979 AHdefssOIl et a1- - the spacing betWeen the transmission lines and their respec 
4J658J26Z 4/1987 DuHamel - tive groundplane. A radome may additionally be provided 
477167415 12/1987 Kelly ' Which comprises laminations of polyole?n and an outer skin 
4,719,470 1/1988 Munson ............................. .. 343/700 of polypropylene‘ 
4,804,965 2/1989 Roederer . 
4,819,003 4/1989 Goto et al. . 
4,851,855 7/1989 Tsukamoto et al. . 22 Claims, 8 Drawing Sheets 



US 6,285,323 B1 
Page 2 

5,526,004 
5,534,877 
5,554,995 
5,554,999 
5,585,806 
5,606,334 

US. PATENT DOCUMENTS 

6/1996 
7/1996 
9/1996 
9/1996 
12/1996 
2/1997 

Antipov et a1. . 

Sorbello et a1. . 

Jun . 

Gupta et a1. . 

Ogino et a1. . 

Amarillas et a1. . 

5,625,366 
5,708,679 
5,777,584 
5,796,367 
6,023,243 * 

4/1997 
1/1998 
7/1998 
8/1998 
2/2000 

* cited by examiner 

D’Hont . 

Fernandes et a1. . 

Rothe . 

Andersson . 

Frank .......................... .. 343/700 MS 





U.S. Patent 

FIG. 3 

Sep. 4, 2001 Sheet 2 0f 8 

34 31x34 

US 6,285,323 B1 

LJ 

FIG. 4 



U.S. Patent Sep. 4, 2001 Sheet 3 of 8 US 6,285,323 B1 





U.S. Patent Sep. 4, 2001 Sheet 5 of 8 US 6,285,323 B1 

8 FIG. 

qlliiiiii. 
.liiiiiiJ. 



U.S. Patent Sep. 4, 2001 Sheet 6 of 8 US 6,285,323 B1 

9 FIG. 



U.S. Patent Sep. 4, 2001 Sheet 7 of 8 US 6,285,323 B1 

FIG. 10 

\,/ "" 

-I- III II\' II 

- I I \III 



U.S. Patent Sep. 4, 2001 Sheet 8 of 8 US 6,285,323 B1 

11 FIG. 

- 

II II II II II II_II II II II II II Fl-IL FIPIL 
I 



US 6,285,323 B1 
1 

FLAT PLATE ANTENNA ARRAYS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is continuation-in-part of 09/004,576 
?led on Jan. 08, 1998, noW U.S. Pat. No. 6,023,243. 

FIELD OF THE INVENTION 

The present invention relates to ?at plate antenna arrays 
and more particularly but not exclusively to ?at plate 
antenna arrays for the transmission and reception of direc 
tional microWave communications. 

BACKGROUND OF THE INVENTION 

At microWave frequencies there is a range of antenna 
devices that can be used. These include slotted Waveguide 
arrays, printed patch arrays, and re?ector and lens systems. 
Above about 20 GHZ slotted Waveguide arrays require high 
tolerances and are thus expensive to manufacture in large 
quantities. For example at 20 GHZ a large slotted Waveguide 
array may need around 2000 slots, each of Which must be 
individually machined to precise dimensions. 

The aperture coupled patch array has all of the active 
elements of the antenna, radiating elements, transmission 
lines, coupled slots etc., on different layers of PCB. The 
elements are placed on the PCB using the conventional 
techniques of photo-lithography. In order for the device to 
Work the layers must be very carefully lined up and must be 
carefully spaced apart. The tolerance limit for alignment and 
spacing betWeen the layers is very tight and thus large arrays 
are difficult to mass produce. 

Printed patch array antennae suffer from inferior effi 
ciency due to high dissipative losses of transmission lines, 
particularly at high frequencies and for large arrays. In order 
to avoid radiation losses from the lines it is necessary to keep 
the spacings Within the order of 0.01 )t. Furthermore the 
restrictions on spacing mean that the transmission lines must 
be very thin. As they are thin they Will have high losses and 
thus be inef?cient for large arrays. Frequency bandWidths 
for such antennae are typically less than that Which can be 
realiZed With slotted planar arrays, that is to say they are 
particularly narroW. 

Re?ector and lens arrays are generally employed in 
applications for Which the additional bulk and Weight of a 
re?ector or lens system are deemed to be acceptable. The 
absence of discrete aperture excitation control in traditional 
re?ector and lens antennae limit their effectiveness in loW 
sidelobe and shaped beam applications. 

Increasingly, as such antennae are becoming more 
Widespread, and concern for the quality of the environment 
is groWing, the use of lens or re?ector systems is becoming 
less and less publicly acceptable. It is therefore desirable to 
provide a ?at plate antenna array having the advantages of 
a lens or re?ector but Without the environmental impact. 

SUMMARY OF THE INVENTION 

It is therefore an aim of the present invention to provide 
a ?at plate antennae for use in various parts of the 0.5—40 
GHZ range that is relatively easy to manufacture and has the 
qualities generally considered necessary for directional 
microWave transmission. 

According to a ?rst aspect of the present invention there 
is provided an antenna comprising at least one printed circuit 
board, and having active elements including radiating ele 
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2 
ments and transmission lines, and at least one ground plane 
for the radiating elements and at least one surface serving as 
a ground plane for the transmission lines, arranged such that 
the spacing betWeen said radiating elements and said at least 
one groundplane therefor is independent of the spacing 
betWeen said transmission lines and said at least one surface 
serving as a groundplane therefor. 

In an embodiment the printed circuit board has a ?rst face 
and a second, opposing, face and the active elements are 
located on both faces of said printed circuit board. The 
transmission lines of the ?rst face may overlay the trans 
mission lines of the second face. 

In a preferred embodiment the transmission lines may 
extend outWardly from a central feed point. The radiating 
elements may extend from outWard ends of the transmission 
lines. The electrical paths from the central feed point to each 
radiating element respectively through said transmission 
lines are preferably substantially the same, in terms of 
physical length and/or in terms of electrical impedance. 
Thus the antenna is electrically balanced. All the radiating 
elements are being fed With the same poWer and thus the 
antenna Works With maximum bandWidth. 

In an embodiment the radiating elements of each face 
extend at predetermined angles from ends of the transmis 
sion lines and a predetermined angle Which is used primarily 
in the ?rst face differs from the predetermined angle used 
primarily in the second face by 180°. 

The printed circuit board may be of a predetermined 
thickness. The thickness of the PCB is at compromise 
betWeen loW loss, minimum extraneous radiation and cost. 
It is important for the correct interaction betWeen the ele 
ments of the tWo faces that the thickness of the printed 
circuit board is made to Within a certain tolerance. 

Embodiments of the antenna may further comprise a 
polariser. The polariZer may be a grid polariZer. 

The radiating elements may be arranged in roWs about a 
central axis such that the roWs are aligned parallel to the 
axis. The radiating elements may be aligned parallel to a 
second axis. The second axis may be offset from the central 
axis by substantially 45°. The antenna may be orientated 
such that the central axis is either +45° or —45° to the 
horiZontal depending on the polariZation required. 
Alternatively, if the presence of sidelobes is less critical, the 
radiating elements may be parallel to the central axis. 
The number of radiating elements per roW of the pattern 

is a function of the distance of each respective roW from the 
central axis. That is to say each roW may have a predeter 
mined number of radiating elements and that predetermined 
number may increase With the proximity of each respective 
roW to the central axis. Such an arrangement decreases the 
siZe of directional side lobes. 
The antenna may further comprise a ground plate located 

at a predetermined distance from the printed circuit board. 
The predetermined distance Would typically be less than a 
quarter of the Wavelength of the signal. 

In a preferred embodiment individual transmission lines 
split into tWo or more transmission lines at each of a 
plurality of branch points. The total impedance When taken 
in parallel, of the further lines folloWing respective branch 
points is equal to the impedance of the individual transmis 
sion line preceding the respective branch point The imped 
ance of the branches is seen as a parallel impedance by the 
central feed point and the intention is to keep the impedance 
constant along the length of the transmission lines. 
An embodiment of the array has the elements fed in a 

series/parallel fashion. This is done to reduce further losses 
in the transmission lines and improve ef?ciency. 
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Embodiments of the antenna may be used for transmitting 
or receiving one or more Wavebands Within the 0.5—40 GHZ 

range. 

The antenna may typically be sealed from the environ 
ment by a radome. The radome may comprise a rigid 
polypropylene skin and a foamed polyethylene body, the 
body being comprised of approximately 80% cross-linked 
polymer, the skin preferably being UV protected, and both 
the skin and the body being held together, preferably by 
soldering. 

According to a second aspect of the present invention 
there is provided an antenna comprising at least one printed 
circuit board, and having active elements including radiating 
elements and transmission lines, mounted on said printed 
circuit board, and at least one ground plane for the radiating 
elements and at least one surface serving as a ground plane 
for the transmission lines. The radiating elements are 
arranged in roWs, Which are parallel to a central axis of the 
antenna, and the radiating elements are elongated, and 
arranged With their elongated directions parallel to an axis 
offset from the central axis of the antenna. This aspect is 
particularly useful Where loW sidelobes are less important. 

According to a third aspect of the invention there is 
provided an antenna comprising at least one printed circuit 
board having tWo oppositely facing printed surfaces, and 
having active elements including radiating elements and 
transmission lines mounted on the oppositely facing 
surfaces, and at least one ground plane for the radiating 
elements and at least one surface serving as a ground plane 
for the transmission lines, Wherein the transmission lines on 
the oppositely facing surfaces overlay each other and the 
radiating elements on the oppositely facing surfaces do not 
overlay each other. 

According to a fourth aspect of the present invention there 
is provided an antenna comprising at least one printed circuit 
board, and having active elements including radiating ele 
ments and transmission lines, and at least one ground plane 
for the radiating elements and at least one surface serving as 
a ground plane for the transmission lines. The radiating 
elements are arranged in roWs about a central axis of the 
antenna and the number of radiating elements per roW 
decreases With the distance of the roW from the central axis. 

A preferred embodiment of the invention is an antenna 
comprising at least one printed circuit board, and having 
active elements including radiating elements and transmis 
sion lines, and at least one ground plane for the radiating 
elements and at least one surface serving as a ground plane 
for the transmission lines, arranged such that the spacing 
betWeen said radiating elements and said at least one 
groundplane therefor is independent of the spacing betWeen 
said transmission lines and said at least one surface serving 
as a groundplane therefor. The printed circuit board has a 
?rst surface and a second, opposing, surface and the active 
elements are located on both surfaces of said printed circuit 
board. The transmission lines of the ?rst surface overlay the 
transmission lines of the second surface. The radiating 
elements are arranged in roWs, Which are parallel to a central 
axis of the antenna. The radiating elements are also 
elongated, and arranged With their elongated directions 
parallel to an axis offset from the central axis of the antenna. 
The radiating elements on the oppositely facing surfaces do 
not overlay each other. Apredetermined number of elements 
is arranged in each roW and that number decreases With the 
distance of the roW from the center of the array. 

According to a ?fth aspect of the invention there is 
provided a radome for sealing an antenna. The radome 
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4 
comprises an outer skin and an inner body. The outer skin 
and the inner body may both comprise polyole?ns. The inner 
body may be 80% cross-linked polymer. These materials are 
chosen for their transparency to RF radiation and, as Well as 
the radome, may also be used for the spacers Within the 
antenna. 

The spacer may have up to 80% of cross-linked polymer, 
Which level is determined by a speci?c foaming process that 
is used. The process is chosen to provide small cell siZe and 
extreme uniformity of the foam. 

Polymers of a single group (polyole?ns) have loW 
adhesion, and the layers or laminations are preferably 
bonded together by a form of soldering in Which no glue is 
used in the bonding process. The presence of glue in the 
material is harmful in that it increases the propensity of the 
material to absorb radiation. An advantage of the materials 
being of the same group is that the bonding is more secure. 

In an embodiment the outer skin comprises polypropy 
lene. In a preferred embodiment the inner body comprises 
polyethylene. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention and to shoW 
hoW the same may be carried into effect, reference Will noW 
be made, purely by Way of example, to the accompanying 
draWings in Which, 

FIG. 1 is a cross-sectional vieW of a microWave antenna 
according to a ?rst embodiment of the, present invention, 

FIG. 2 is an exploded vieW of the device of FIG. 1, 
FIG. 3 shoWs a schematic vieW from above of the upper 

layer of a PCB using a corporate feed and adapted for use 
With the invention, 

FIG. 4 is a schematic vieW of the upper layer of the PCB 
of FIG. 3, orientated to minimiZe directional sidelobes. 

FIG. 5 is a schematic vieW of tWo surfaces of part of the 
PCB of FIG. 2 shoWn superimposed. 

FIG. 6 is a schematic vieW of the upper layer of a 
series/parallel feed, 

FIG. 7 is a schematic vieW of a loWer layer of a series/ 
parallel feed, 

FIG. 8 is a schematic vieW of a Waveguide poWer divider, 
FIG. 9 shoWs the layout of a section of an 8 by 8 

point-to-point antenna, 
FIG. 10 shoWs an LMDS subscriber antenna layout, and 

FIG. 11 shoWs a base station antenna layout. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shoWs a cross-sectional vieW of a microWave 
antenna according to a ?rst embodiment of the present 
invention. In FIG. 1 a ?at plate antenna 2 comprises a 
mounting plate 4 and a box or radome 6, bonded together at 
a bonding surface 8. The mounting plate 4 and radome 6 
enclose a void in Which is placed an antenna printed circuit 
board 12, a polariser 10 and a groundplane 14, separated by 
foam spacers 16. The PCB is connected to a Waveguide 18 
via a Waveguide microstrip adapter 20. The Waveguide 
microstrip adapter 20 serves as a transition betWeen the 
output of the Waveguide and the printed circuit board. Input 
to the antenna may alternatively be coaxial. 

FIG. 2 is an exploded diagram of the device shoWn in 
cross-section in FIG. 1. 
As mentioned above, in the aperture coupled patch 

antenna the layers of PCB With the various active elements 
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must be very carefully lined up and must be carefully spaced 
apart. In order to avoid radiation and surface Wave losses in 
the printed patch array it is necessary to keep the spacings 
Within the order of 0.01 2». Furthermore the narroW spacings 
mean that the transmission lines must be very thin. As they 
are thin the transmission lines Will be lossy and hence the 
antenna inef?cient for large arrays. 

In embodiments of the invention the active elements, that 
is to say the radiating elements and the transmission lines, 
are all mounted on a single PCB. Both sides of the PCB are 
used. The manufacturing of the PCB is a very precise 
process. The thickness must be tightly controlled and the 
photolithography must be very accurately done. HoWever 
assembly of the antenna folloWing manufacture of the PCB 
does not require tight tolerances at all. The PCB 12 must be 
spaced correctly With respect to the ground plane 14, but the 
spacing involved here, of the order of a quarter of a 
Wavelength, is not critical. 

The polariser, in addition to its having a polariZing 
function, is also designed to reduce radiation losses from the 
transmission lines. 

FIG. 3 shoWs a plan vieW of the printed, tWo-dimensional, 
surface of a PCB, Which comprises an antenna element. The 
antenna element itself is a printed dipole antenna. The array 
is fed from the center 30. This form of feed is knoWn as a 
corporate feed. Transmission lines 32 branch outWardly 
from the center of the pattern, that is to say from the feed 
point, and terminate in radiating elements 34 at each termi 
nation of a transmission line. A corporate feed has the 
advantage that all lines are in phase and thus it achieves Wide 
bandWidth. A key feature of the arrays used in the present 
invention is that, despite the fact that the path to each 
radiating element 34 is identical in length, and that all 
elements are fed With equal amplitudes, the antenna is able 
to produce loW side lobes and operate at high ef?ciency. 

The radiating elements 34 preferably eXtend from the 
transmission lines 32 at an angle of substantially 45 degrees. 
The antenna may be used With these elements in the vertical 
orientation, as shoWn in FIG. 4. In this diamond orientation, 
vertical roWs comprise a decreasing number of elements as 
one moves aWay from the center. Such an orientation is used 
to decrease the siZe of directional sidelobes, and at the same 
time alloWs each radiating element to operate at substan 
tially the same poWer level. Previous attempts to improve 
side-lobe performance have involved making the transmis 
sion lines of different Widths. This has the disadvantage that 
the radiating elements radiate at different poWer levels and, 
as a consequence are generally less efficient. 

Alternatively the antenna may be used With the radiating 
elements in a horiZontal direction In such an orientation the 
?rst side-lobes are just as loW, <—25 dB. The antenna may 
be used together With a polariser in order to improve the 
cross-polariZation performance, that is to say to boost it to 
30 dB and beyond. The use of the polariser is optional and 
depends on the particular application. 

It Will be appreciated that, Whether the radiating elements 
are positioned to be horiZontal or vertical the antenna takes 
on the diamond shape of FIG. 4. It is possible to put tWo or 
more such diamond shapes together to make a composite 
antenna. Such a composite antenna may be advantageous in 
certain applications. 

In an alternative embodiment the radiating elements are 
not at an angle of 45°. Instead, straight elements are used, 
and this is done Where loW side lobes are not required. 

The array in FIG. 3 represents the array printed on one 
side of the PCB. On the opposite side of the PCB a 
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6 
complementary pattern is printed. The complementary pat 
tern relates to the ?rst pattern in that the respective trans 
mission paths overlay one another. The radiating elements of 
the second pattern hoWever, eXtend outWards from the 
terminations of the transmission lines in the opposite 
directions, at an angle of 180 degrees from the ?rst radiating 
elements. FIG. 5 shoWs a termination of a transmission 
element in Which the tWo radiating elements 40 and 42, from 
the top surface and the bottom surface respectively of the 
PCB, are shoWn superimposed. 

In general, the ?at radiating elements 34 must be matched 
to the transmission lines 32. The transmission lines 32 must 
correspondingly be matched to the central feed point 30. 
This is achieved in the present invention as folloWs. 
The ?at element 34 has an impedance of typically 50 or 

100 ohms. This element is folloWed by a transmission line 
32 of the same impedance as the radiating element. The 
transmission line 32 is then stepped up to 100 ohms. TWo 
such transmission lines are connected together via a T 
junction. The common output yields 50 ohms. This is 
stepped up again consecutively to 100 ohms at the neXt T 
junction. This process is repeated right up to the central 
input. 
The impedance of the radiating elements must also be 

tightly controlled and this is related to the spacing betWeen 
the respective PCB surfaces and the groundplane 14. 
The total number of elements may range from 16 

upWards, to 16,000 and beyond. 
The bandWidth of the radiating element is independent of 

the dimensions of the transmission lines. This is because the 
radiating elements and the transmission lines use separate 
ground planes. In respect of the transmission lines the 
opposite face of the PCB serves as the groundplane. The 
separate groundplane 14 is for the radiation elements. It Will 
be recalled from the description of FIG. 3 that the transmis 
sion lines of the tWo faces of the PCB overlay each other. 
Hence the opposite transmission line is able to serve as a 
groundplane in each case. HoWever the radiation elements 
do not overlay each other and therefore the separate ground 
plane 14 is effective. 

Flat patch array antennae of the prior art generally have 
bandWidths of around 1 to 4%. Embodiments of the present 
invention can achieve bandWidths in the region of 20%. This 
invention is particularly useful in large arrays Where gain 
requirements are greater than 32 dBi. A ?atness of the gain 
peak of 0.5 dB over a Wide band can generally be achieved. 
A minimum cross-polariZation of 30 dB can also be 
achieved. 

FIGS. 6 and 7 shoW upper and loWer layers respectively 
of a series parallel feed for use in embodiments of the 
present invention. The series parallel feed reduces losses in 
the transmission lines and thus improves ef?ciency. The 
series parallel array is advantageously used When the maXi 
mum bandWidth made available by the invention is not 
required. 

FIG. 8 shoWs a Waveguide poWer divider for use With the 
present invention. In a preferred embodiment a number of 
arrays can be added together by means of a Waveguide 
poWer divider, and FIG. 8 shoWs, by Way of eXample, a 
16-Way divider. The poWer divider could equally Well be a 
four Way or a siXty-four Way poWer divider depending on the 
particular con?guration. A problem With PCBs is that, 
especially at high frequencies, large numbers of radiating 
elements are needed. To include each one of them on the 
same PCB requires a large PCB With long transmission 
lines. Transmission lines on a PCB are less ef?cient than 
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Waveguides. Thus it is more ef?cient to have several small 
PCBs connected by a Waveguide power divider. 

FIG. 9 shows an 8 by 8 point-to-point antenna. In order to 
deal With the requirement that sidelobes are kept extremely 
loW the dipole elements 50 are balanced very carefully. This 
may be achieved by means of the curves 52 in the trans 
mission lines linking the dipole elements 50 to the central 
stems 54. Additional curves 56 serve to reduce extraneous 
radiation from the transmission lines and again, these con 
tribute signi?cantly to sidelobe performance. 

The feedpoint 58 contains a special pad designed so that 
soldering is only required on one side of the printed circuit. 

FIG. 10 shoWs an LMDS subscriber antenna. This 
antenna again shoWs the use of curves 52 in the transmission 
lines to reduce radiation. 

FIG. 11 shoWs a base station antenna. This antenna is 
con?gured With a taper arrangement to yield a Wide beam 
With a sharp skirt. 

The antenna is sealed from the environment using the 
radome 6. In general foamed plastic is used in radomes and 
the reason is that, at the Wavelengths at Which the antenna 
operates, materials in general absorb energy from the radia 
tion. Foamed plastic is less dense than most materials and 
therefore absorbs less energy, and it is a general object of the 
design of a radome to minimiZe the absorption of energy. 

In the prior art the plastic used in the radome is foamed 
using a foaming agent. The radome has an inner body of 
foamed plastic, and an outer skin Which need not be foamed 
and Which is tougher than the body, to give the antenna an 
outer rigidity. 

In embodiments of the present invention the radome is 
constructed of polyole?n materials. The materials may be 
laminated. The laminations are soldered together. The mate 
rial in the body is typically foamed polyethylene and the 
material in the skin is typically the more rigid polypropy 
lene. Polyethylene foam is typically an 80% cross-linked 
polymer and is manufactured in a mold. The laminations are 
obtained by peeling With an appropriate form of knife. The 
fact that both the materials are polyole?ns makes the bond 
that much more secure. 

Polypropylene, the more rigid of the tWo materials, and 
the one that is used in the skin, is vulnerable to UV damage 
from sunlight, and therefore it is advisable to cover the 
radome With a UV mask, or to make it of a UV resistant 
polypropylene compound. 

Advantages provided by embodiments of the invention 
may include the folloWing: The spacing betWeen the radi 
ating element and the groundplane is independent of the 
thickness of the transmission lines or feed lines. In the prior 
art, the aperture fed microstrip patch has complex spacing 
and alignment requirements betWeen adjacent elements. 
Such restriction does not occur in the invention. 

The bandWidth of the radiating element is independent of 
radiation and surface losses of the feed lines. The bandWidth 
of the radiating element is a function of the spacing betWeen 
it and the loWer ground plane, Which spacing de?nes about 
one quarter of the dielectric Wavelength. 
AbandWidth of up to 20% is possible. The transmission 

lines are designed for minimum loss only. This is because 
radiation loss in the feed line is proportional to the height of 
the PCB substrate. The feed line can be designed With 
optimum substrate height and thus losses can be minimiZed. 
In the prior art, in Which a single ground plane Was used, this 
cannot be done as decreasing the height of the radiating 
element leads to a reduction in bandWidth. Since two 
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8 
groundplanes are noW used it is possible to design the 
radiating element for optimum bandWidth (large gap to 
groundplane) and the transmission lines for minimum loss. 
(small gap to groundplane) 

Cross polariZation is reduced considerably using a grid 
polariser. The polariser is arranged to be orthogonal to the 
polariZation of the elements of the antenna. 

The orientation of the array and the radiating elements 
reduces the siZe of the directional sidelobes. 
Complex distribution netWorks, of the type knoWn in the 

prior art, are not necessary, and neither is accurate position 
ing betWeen layers. 
What is claimed is: 
1. An antenna comprising at least one printed circuit 

board, and having active elements including radiating ele 
ments and transmission lines, and at least one ground plane 
for the radiating elements and at least one surface serving as 
a ground plane for the transmission lines, arranged such that 
the spacing betWeen said radiating elements and said at least 
one ground plane therefor is independent of the spacing 
betWeen said transmission lines and said at least one surface 
serving as the ground plane therefor, 

Wherein said at least one printed circuit board has a ?rst 
surface and a second opposing surface, 

Wherein said active elements are located on both said ?rst 
and said second surfaces of said printed circuit board, 

Wherein said transmission lines of said ?rst surface over 
lay said transmission lines of said second surface, such 
that transmission lines on said second surface provide 
said at least on surface serving as the ground plane to 
said transmission lines of said ?rst surface, 

Wherein said at least one surface serving as the ground 
plane is the only ground plane for said transmission 
lines, 

Wherein at least some of said radiating elements extend 
from said transmission lines at angles of substantially 
45°, 

Wherein said radiating elements are arranged in vertical 
roWs about a central axis of the antenna, 

Wherein the number of radiating elements per vertical roW 
decreases With the distance of said roW from said 
central axis, and 

Wherein said transmission lines comprise curved sections. 
2. An antenna according to claim 1 Wherein the radiating 

elements are linked to the transmission lines via said curved 
sections. 

3. An antenna according to claim 1, Wherein said trans 
mission lines extend outWardly from a central feed point, 
Wherein said radiating elements extend from outWard ends 
of said transmission lines and Wherein electrical paths from 
said central feed point to each radiating element respectively 
through said transmission lines are substantially the same. 

4. An antenna according to claim 3 Wherein said electrical 
paths are substantially the same in terms of electrical imped 
ance. 

5. An antenna according to claim 3, Wherein said electri 
cal paths are the same in terms of physical distance. 

6. An antenna according to claim 3 Wherein individual 
transmission lines split into further transmission lines at a 
plurality of branch points, and Wherein a total electrical 
impedance of said further transmission lines as seen in 
parallel is substantially equal to an electrical impedance of 
said individual transmission line preceding each respective 
branch point. 

7. An antenna according to claim 1, Wherein said radiating 
elements of each surface extend at predetermined angles 
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from ends of said transmission lines and wherein said 
predetermined angle of a ?rst surface differs from said 
predetermined angle of a second surface by 180°. 

8. An antenna according to claim 1, Wherein said printed 
circuit board is of a predetermined thickness. 

9. An antenna according to claim 8 Wherein said prede 
termined thickness is chosen to minimize impedance in said 
transmission lines. 

10. An antenna according to claim 1, further comprising 
a polariser. 

11. An antenna according to claim 1, Wherein said radi 
ating elements are located at a predetermined distance from 
said at least one ground plane therefor, Which predetermined 
distance is chosen to maximiZe bandWidth. 

12. An antenna according to claim 11, Wherein said 
predetermined distance is approximately a quarter of a 
Wavelength. 

13. An antenna comprising at least one printed circuit 
board, and having active elements including radiating ele 
ments and transmission lines, mounted on said printed 
circuit board, and at least one ground plane for the radiating 
elements and at least one surface serving as a ground plane 
for the transmission lines, Wherein the radiating elements are 
arranged in roWs, Which roWs are parallel to a central axis of 
said antenna, Wherein said radiating elements are elongated, 
and arranged With their elongated directions parallel to an 
axis offset from said central axis of said antenna, 

Wherein said at least one printed circuit board has a ?rst 
surface and a second, opposing surface, 

Wherein said active elements are located on both said ?rst 
and said second surfaces of said printed circuit board, 

Wherein said transmission lines of said ?rst surface over 
lay said transmission lines of said second surface, such 
that transmission lines on said second surface provide 
said at least one surface serving as the ground plane to 
said transmission lines of said ?rst surface, 

Wherein said at least one surface serving as the ground 
plane is the only ground plane for said transmission 
lines, 

Wherein an angle of offset for said radiating elements is 
substantially 45° 

Wherein said radiating elements are arranged in vertical 
roWs about a central axis of the antenna, 

Wherein the number of radiating elements per vertical roW 
decreases With the distance of said roW from said 
central axis, and 

Wherein said a transmission lines comprise curved sec 
tions. 

14. An antenna according to claim 13, Wherein said 
radiating elements are arranged in a plurality of roWs about 
the central axis such that said roWs are aligned parallel to 
said axis and said radiating elements are arranged parallel to 
a second axis offset from said central axis. 

15. An antenna comprising at least one printed circuit 
board having tWo oppositely facing printed surfaces, and 
having active elements including radiating elements and 
transmission lines mounted on said oppositely facing 
surfaces, and at least one ground plane for the radiating 
elements and at least one surface serving as a ground plane 
for the transmission lines, Wherein the transmission lines on 
said oppositely facing surfaces overlay each other and said 
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radiating elements on said oppositely facing surfaces do not 
overlay each other, 

Wherein said at least one surface serving as the ground 
plane is the only ground plane for said transmission 
lines, 

Wherein at least some of said radiating elements extend 
from said transmission lines at angles of substantially 
45°, 

Wherein said radiating elements are arranged in vertical 
roWs about a central axis of the antenna, 

Wherein the number of radiating element per vertical roW 
decreases With the distance of said roW from said 
central axis, and 

Wherein said transmission lines comprise curved sections. 
16. An antenna according to claim 15, for receiving one 

or more Wavebands Within the 13—40 GHZ range. 
17. An antenna according to claim 15, further comprising 

a radome, for sealing said antenna from the environment. 
18. An antenna according to claim 17 Wherein said 

radome comprises a foamed polyethylene body and a 
polypropylene skin, said body comprising approximately 
80% cross-linked polymer. 

19. An antenna according to claim 18 Wherein radiating 
elements extend at predetermined angles from ends of said 
transmission lines. 

20. An antenna according to claim 15 Wherein at least 
some of said radiating elements extend from said transmis 
sion lines at angles of substantially 135°. 

21. An antenna comprising at least one printed circuit 
board, and having active elements including radiating ele 
ments and transmission lines, and at least one ground plane 
for the radiating elements and at least one surface serving as 
a ground plane for the transmission lines, Wherein said 
radiating elements are arranged in roWs about a central axis 
of the antenna and Wherein the number of radiating elements 
per roW decreases With the distance of said roW from said 
central axis, 

Wherein said at least one printed circuit board has a ?rst 
surface and a second, opposing surface, 

Wherein said active elements are located on both said ?rst 
and said second surfaces of said printed circuit board, 

Wherein said transmission lines of said ?rst surface over 
lay said transmission lines of said second surface, such 
that transmission lines on said second surface provide 
said at least one surface serving as the ground plane to 
said transmission lines of said ?rst surface, 

Wherein said at least one surface serving as the ground 
plane is the only ground plane for said transmission 
lines, 

Wherein at least some of said radiating elements extend 
from said transmission lines at angles of substantially 
45°. 

Wherein said radiating elements are arranged in vertical 
roWs about the central axis of the antenna, and 

Wherein said transmission lines comprise curved sections. 
22. An antenna according to claim 21, connected to a 

Waveguide poWer divider, said Waveguide poWer divider 
being connectable simultaneously to said radiating elements. 
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